We report a case of pseudomyiasis (accidental myiasis) in a 52-year-old man who had previously undergone surgery and placement of a tracheostomy tube for laryngeal cancer. The patient presented to our outpatient department with a foul-smelling, blood-stained discharge and frequent and severe episodic pain at the site of the tracheostomy. He also reported the discharge of many whitish larvae from the site. On clinical examination, 3 of these larvae were removed from the tracheostomy wound and later identified as Musca domestica (housefly) larvae. The patient underwent further mechanical removal twice daily for 3 days, during which time 23 more larvae, or maggots, were removed. His condition improved, and he returned for regular follow-up with no recurrence or complications. Myiasis is an infestation of humans and vertebrate animals by insect larvae that feed on both dead and living tissue. Myiasis is most common in hot and humid climates in tropical and subtropical regions, such as the underdeveloped areas of India, Africa, and Southeast Asia, which provide favorable breeding grounds for flies. Myiasis is classified as specific, semispecific, or accidental, depending on whether the fly larvae require a host in order to develop. We review the literature on myiasis and its entomologic aspects in general. We also discuss the need for the proper care of tracheostomy wound myiasis because the site of such an infestation is close to vital organs in the neck. To the best of our knowledge, only 3 cases of tracheostomy wound myiasis have been previously reported in the English-language literature; 2 of them involved infestation with Chrysomyia bezziana larvae and 1 with Lucilia caesar larvae. We believe our case is the first case of tracheostomy wound pseudomyiasis attributable to M domestica larvae.
Introduction
The term myiasis derives from the Greek muia (fly). German entomologist Fritz Zumpt described it as "the infestation of live human and vertebrate animals with dipterous larvae, which, at least for a period, feed on the host's dead or living tissue, liquid body substances, or ingested food. " 1 Myiasis is most common in hot and humid climates in tropical and subtropical regions, such as underdeveloped areas of the Indian subcontinent, Africa, and Southeast Asia, which provide favorable breeding grounds for flies. 2, 3 This parasitic infestation is most prevalent in animals, but it is frequently seen in humans. 2, 3 Myiasis is a serious problem for the livestock industry, and it causes severe economic losses worldwide. 4 The most common genera involved in myiasis are members of the families Sarcophagidae and Calliphoridae. 5 Myiasiscausing flies in India belong to the important genera Chrysomyia and Lucilia (Phaenicia). 6 Cases of human myiasis caused by Chrysomyia bezziana (screwworm) appear to be more common in India than in Africa. 1, 7, 8 Myiasis is classified as specific, semispecific, or acciden-UnUsUal pseUdomyiasis with Musca doMestica (hoUsefly) larvae in a tracheostomy woUnd: a case report and literatUre review tal (pseudomyiasis), depending on whether the fly larvae require a host in order to develop (see the "Discussion" section for an explanation of this classification). 9 The literature on accidental myiasis caused by Musca domestica (housefly) larvae is fairly limited. Cases of M domestica myiasis have been reported in the nose and ears; we report what we believe is the first such case of M domestica pseudomyiasis in a tracheostomy wound.
Case report
A 52-year-old man presented to our outpatient department for evaluation of a foul-smelling, blood-stained discharge and frequent and severe episodic pain at the site of a tracheostomy tube, which he had received as part of his treatment for laryngeal cancer. He also reported discharge of many whitish larvae from the tracheostomy site. The patient was admitted and placed in an isolation room. Later that day, he was examined in the emergency department's operating theater. After the site was anaesthetized, the tracheostomy tube was removed with great care so as not to dislodge any larvae in the tracheal lumen. On examination of the wound, 2 small (~10 to 12 mm), fully developed, whitish larvae were visible, along with parts of a few others (figure 1). On exposure to the headlight, the 2 larvae moved deeper within the tissue. A solution of local anesthesia and chloroform was applied to the area, and mechanical removal of 3 larvae was accomplished (figure 2). The area was then washed and irrigated with antibiotic solution.
The removed larvae (figure 3) were placed in a vial and sent for identification. They were identified as M domestica larvae. Mechanical removal was repeated twice daily for 3 days, during which time 23 more larvae, or maggots, were removed. The patient's condition improved, and he remained under regular follow-up with no sign of recurrence or complication.
Discussion
F. William Hope 10 coined the term myiasis in 1840 to refer to infestation resulting from dipterous (two-wing) fly larvae, thereby distinguishing it from scholechiasis, which is caused by other insect larvae. 11 Early evidence of the existence of human myiasis can be found in the Bible and in Hindu mythology. In 1919, Castellani and Chalmers wrote about peenash, which was the term used in India to describe nasal myiasis caused by the larvae of the genera Chrysomyia and Pycnosoma. 12 According to Yovanovitch, 13 entomology was first applied to the field of forensic science by Bergeret in 1850. Forensic entomology is mainly concerned with flies, particularly different species of sarcosaprophagous insects and their developmental stages. The sarcosaprophagous flies that have been most investigated belong to the families Sarcophagidae, Calliphoridae, and Muscidae. Fly larvae represent the most common entomologic inhabitants of human corpses. Measurements of larvae of the most common sarcosaprophagous flies by Utsumi have yielded useful information for forensic estimates. 14 The anatomic classification of myiasis was first proposed by Bishopp in the early part of the last century and later modified by James. 6, 7, 15 This classification is based on the site of infestation of the host-for example, dermal, subdermal, cutaneous, nasopharyngeal, ocular, intestinal, and urogenital.
A different classification was proposed by Patton in 1921; it is based on the relationship between the host and the parasite. 7 With this system, myiasis caused by flies that require a host for larval development is called specific (obligatory) myiasis. Species of Chrysomyia and Cochliomyia dipterous flies have been reported to be important in causing specific myiasis in human and domestic animals. 16, 17 Semispecific (facultative) myiasis is caused by flies that usually lay their eggs in decaying animal or vegetable matter, but it can also develop in a living host with an open wound or sore. 7 Accidental myiasis, which Zumpt 1 called pseudomyiasis, is caused by flies that do not require a host for larval development but that will infest a host on rare occasions as secondary invaders. Transmission occurs through the accidental deposit of eggs on wounds or natural openings or through the swallowing of eggs or larvae that are present on food. Obviously, the housefly's role as a mechanical vector of various pathogens is far more important than its role in myiasis. Livingston and Prince reported on the therapeutic use of maggots in cases of long-standing osteomyelitis. 18 Ziffren et al described the therapeutic activity of maggots in cleaning wounds, as well as in treating osteomyelitis. 19 Reports of tracheostomy wound myiasis in the Englishlanguage literature are extremely rare, as only 3 cases have been previously described. [20] [21] [22] Tracheostomy wound myiasis can actually be benign if a secondary species (e.g., M domestica) confines its activities to diseased and dead tissue. On the other hand, it can turn serious if an obligate species (e.g., C bezziana) infests living tissue. Of the 3 previously reported cases of tracheostomy myiasis, 2 featured Chrysomyia infestation 20,21 and 1 involved Lucilia caesar infestation, 22 and all 3 had an obligate relationship with the host.
To the best of our knowledge, ours is the first reported case of a tracheostomy wound pseudomyasis caused by M domestica larvae as a secondary invader. Another interesting fact of this case is that it occurred outside the breeding season. Breeding season for flies runs from August through November in India, and thus the risk of maggots is greatest during these months. 20 The presentation of myiasis in a living human body depends on where the larvae are located. 23 Maggots burrow into delicate membranes and feed on underlying structures. This results in considerable destruction of tissues and severe constitutional symptoms.
Making the diagnosis can be quite easy in endemic regions of the world and more difficult in areas where it is rare. Characteristic manifestations include movement under the skin, pain, and the appearance of a small, white creature protruding from a lesion. 24 Entomologic aspects. Houseflies measure 6 to 9 mm in length. Their thorax is gray with two to four longitudinal stripes, which are characteristic of the genus Musca. Their abdomen is yellow, and their whole body is covered with hair-like projections called tenant hairs. The females are slightly larger than the males. Each female can lay approximately 500 eggs in several batches of about 75 to 150 eggs each. The eggs are white and measure about 1.2 mm in length. The legless maggots emerge from the eggs in approximately 24 hours, and they immediately feed on and start to develop in the material where the eggs were laid.
A full-grown maggot measures 8 to 12 mm in length. In appearance, they are typically creamy white in color and cylindrical but tapering toward the head. They have one pair of dark hooks. The larvae go through three stages of development, called instars. At the end of the third instar, the maggots crawl to a dry cool place and transform into pupae that measure about 8 mm in length. The adult flies then emerge from the pupae. Flies do not generally live longer than 15 days in summer and 25 days in winter.
Myiasis can be prevented with good sanitation and control of adult flies with insecticides and screens on windows and doors. Also, wounds and ulcers should be cleaned and dressed properly to prevent obligate and accidental myiasis. Once myiasis occurs at any site, the patient should be transferred to an isolation room if possible. The patient's linens and clothing should be changed every day. UnUsUal pseUdomyiasis with Musca doMestica (hoUsefly) larvae in a tracheostomy woUnd: a case report and literatUre review Treatment is simple. It involves application of antilarval substances (e.g., turpentine oil or a mixture of turpentine oil and chloroform) followed by mechanical removal of the larvae. 25, 26 Debridement and surgical exploration may be necessary to remove damaged tissue and deep-seated larvae. Antibiotic cover is recommended to prevent secondary infections, and any underlying predisposing factors such as nutrition and anemia should be addressed.
Tracheostomy wounds. Prevention strategies for tracheostomy wounds are generally the same as those for other sites:
• The tracheostomy tube and stoma opening should be regularly cleaned and suctioned, as it is the site for collections of sticky and foul-smelling (if infected) discharges that attract obligate flies.
• The tube opening and stoma opening should be covered with a fine gauze mesh to reduce the chance of an obligate or accidental deposition of fly eggs. Our patient's tube was not protected, and this led to his infestation.
In conclusion, tracheostomy myiasis can be fatal if it occurs near great vessels and vital organs. The prognosis is good if treatment is given early. Our extensive review of the literature indicates that the present case is the first case of accidental tracheostomy wound myiasis to be described. We publish this case to remind otorhinolaryngologists of the importance of proper toilet of the tracheostomy tube, periodic checkup of the wound, and covering the wound with gauze of an appropriate mesh size.
In view of the popularity of international travel, physicians in Western countries should be alert to the possibility of this condition in tracheotomized patients who visit regions where myiasis is endemic. Close observation and examination of the tracheostomy wound should be done for a week after their return home.
